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SUMMARY
Intelligence testing has multiple uses in the selection and assessment of United States Air Force (USAF) pilots and pilot training candidates. Such a test of ability is a critical part of USAF medical flight screening and aeromedical waiver procedures. The purpose of this study is to assess the factorial structure regarding a computer-based intelligence test given to USAF pilot training candidates (manned as well as unmanned) during medical flight screening. Principal components analysis was conducted on the intelligence test scores from the computer-based Multidimensional Aptitude Battery-Second Edition (MAB-II). This test was administered to 10,612 USAF pilot training candidates. Subtest and measurement model correlations were estimated. Confirmatory factor analysis using this model of the MAB-II showed positive correlations between the factors and between specific subtests. The results of factor analyses suggest MAB-II intelligence test scores are best suited to a three-factor model unique to the rated USAF pilot population. In addition to verbal-and performance-based intelligence quotients, a visual reasoning and working memory intelligence quotient composed of the arithmetic, digit symbol, and spatial analyses subtests appears in test scores for this population. This finding is in contrast to the two-factor measurement model used for the general population. The results of the study support an alternative way for conceptualizing and reorganizing MAB-II intelligence test subtest scores to better account for the relationship between test scores from USAF pilot training candidates. The relationship of these test scores must be well understood to effectively evaluate how specific cognitive aptitudes are related to (and/or affected by) changes in any particular subtest. Rather than just measuring global cognitive ability, it is recommended that neuropsychologists and clinical psychologists remain sensitive to the pattern and factor analyses of subtests that comprise the global score of intelligence. This is important for fully understanding the relationship between specific cognitive aptitudes when interpreting and rendering discretionary judgments during aeromedical evaluation procedures. This is especially important when the purpose of a psychological evaluation is to assess the cognitive strengths and weaknesses of a specific individual (and his or her readiness to participate) in the unique highrisk, high-demand nature of USAF military pilot duties.
INTRODUCTION
U.S. Air Force (USAF) pilots are in a high-risk profession where mistakes in the performance of their flying duties can lead to significant costs in terms of military assets, readiness, and human life. Each year, there are several aviation-related mishaps in training and operational missions where human error is considered a causal factor. As a result of the highrisk nature of military flying and the evidence that a pilot's psychological disposition is crucial for safe and effective flying, the cognitive assessment of USAF pilots is a critical part of medical flight screening and aeromedical waiver procedures.
The assessment of cognitive functioning of USAF pilot training candidates and incumbents at the Aerospace Medicine Consultation Division within the USAF School of Aerospace Medicine includes a computer-based intelligence test, the Multidimensional Aptitude Battery -Second Edition (MAB-II) [1] . This test is integral to the (a) comprehensive medical flight screening process for training candidates prior to training, as well as (b) the comprehensive clinical and neuropsychological evaluations for rated pilots seeking an aeromedical waiver for a condition that affects their psychological disposition. The results of these tests are especially important to pilots and pilot candidates seeking a waiver for flying due to a history of an illness (i.e., bacterial meningitis, obstructive sleep apnea) or injury (i.e., traumatic brain injury) that may have affected their cognitive disposition. Performance on the tests can be compared with baseline scores taken during medical flight screening and collected prior to pilot training to assess for changes that have occurred over time and may be due to a history or presence of an aeromedically disqualifying condition. Pattern analyses of the test scores of specific subtests and indices, as well as differences between current and baseline test scores, may reflect general or specific impairments in cognitive functioning. Such analyses may also provide evidence for recovery. Regardless, intelligence testing helps flight medicine physicians assess for the cognitive suitability of a pilot applicant for training (and a rated pilot's readiness to return to flying).
However, it is critical that psychologists conducting clinical and neuropsychological aeromedical evaluations have a clear understanding of the relationship between the indices and factorial structure of the intelligence test used to make important discretionary judgments about a pilot applicant's or rated pilot's cognitive ability and readiness. Such information is helpful when interpreting and analyzing the pattern of subtest and index scores for relative strengths and weaknesses of a training candidate and making conclusions regarding how his or her profile addresses the demand of a high-risk, high-demand training and operational environment.
Conceptualizing and Measuring Intelligence
Intelligence is a global label that refers to a generalized aspect of capability and functioning assumed to produce specific responses in thought and behavior in reaction to various conditions. Intelligence is inferred from observable responses and behavioral accomplishments. As such, intelligence may be considered similar to the term "force" in physics: force is known by its effects, and its presence must be inferred from observable reactions that may be reliably tested over time.
Over the course of the last century, the understanding of observable reactions and factorial structure of abilities that comprise general intelligence continues to evolve as attention to cognitive processes and mechanisms, a deeper understanding of related issues, and new theories have emerged. Theories have evolved from conceptualizing intelligence as a single underlying factor [2, 3] to multiple factor theories [4, 5] , to hierarchical models that describe specific abilities arranged according to increasing specificity and developmental complexity [6] [7] [8] . Theories have also evolved from strictly biological approaches [9] [10] [11] [12] to highly complex information processing approaches [13] . Despite the notion of several competing theories, most definitions of intelligence imply, include, or elaborate on the following five areas: abstract thinking, learning from experience, solving problems through insight, adapting to new situations and information, and focusing and sustaining abilities to achieve a desired goal [14] .
The most prominent theory of intelligence over the past two decades emerged from Wechsler [15] . He considered intelligence to be a global construct that was an aggregate of specific abilities involving the ability to act purposefully, think rationally, and deal effectively with the environment. He explained that intelligence is a global construct because it characterizes individual behavior as a whole. It is also specific because it is composed of elements that are qualitatively different. He also proposed intelligence should be measured by both verbal-and visual-performance-based tasks, which measure ability in different ways and are aggregated to form the general, global construct. Although factor analytic studies account for a significant percentage of the overall variance of intelligence, he also believed in another group of attributes (such as basic motivations and personality traits such as persistence) not tapped directly by existing measures of intellectual ability.
Wechsler's theory of intelligence is central to the development of the mostly widely used intelligence test in the United States, the Wechsler Adult Intelligence Scale-IV (WAIS-IV) [16] . The WAIS-IV generates a full-scale intelligence quotient (FSIQ) as a measure of the global construct of intelligence. The FSIQ is an aggregate score from several subtests. The WAIS intelligence test is the most common test of intelligence used by practitioners [17] . Earlier versions of the WAIS organized intelligence subtests into specific verbal-and visualperformance-based categories. Subtests were organized into a two-factor hierarchical model. However, changes were made to the WAIS-IV based upon factor analytic studies and revisions to subtests as well as current conceptualization of intellectual measurement based upon the theories of Carroll, Cattell, and Horn [10, [18] [19] [20] [21] . The two-factor model (verbal and visualperformance) is no longer utilized and has been replaced with a four-factor model (i.e., verbal comprehension, perceptual reasoning, working memory, and processing speed). Each index contributes to the FSIQ. However, the changes in the WAIS-IV raise questions as to whether factor analytic studies support changes to the factor analytic structure of earlier versions used with specific populations.
As mentioned previously, the MAB-II is a computerized intelligence test. This test is based upon the theory, content, and factor analytic studies of earlier versions of the WAIS. A previous study evaluating MAB-II scores among USAF pilot training candidates identified the relationships between subtests and provided confirmatory analyses for a two-factor hierarchical model predicated on earlier versions of the WAIS [22] . Additionally, normative data for USAF pilot training candidates and their MAB-II test scores have been well documented [23] .
However, it is unknown if the MAB-II factorial structure of the subtest test scores for USAF pilot training candidates is organized in the same fashion as the general population. To date, factor analytic studies assessing for alternative hierarchical models have not been conducted on the MAB-II in regards to pilot applicant test scores. The MAB-II factor structure was designed on the earlier versions of the WAIS, and based upon modernized changes to the WAIS and conceptualization of intelligence, it is reasonable to evaluate the efficacy of a twofactor hierarchical model. Identification of a three-, four-, and five-factor model may help improve theoretical understanding and organization of subtests accounting for the variance of global index intelligence test scores.
Because of the importance of intelligence testing in aeromedical clinical and neuropsychological evaluations of pilots, the sensitive nature of the aeromedical waiver process, and the implications for mission readiness and safety, it is essential to have an accurate and clear understanding of the statistical relationships between subtest scores on this test and the factors that account for the variance within the global FSIQ construct for such a unique occupational group.
Purpose of the Study
The purpose of this study is to investigate the goodness-of-fit for two-, three-, four-, and five-factor measurement models of the MAB-II for USAF pilot training applicant population data. The results of the study aim to improve the clinical acumen of psychologists who must analyze the pattern of subtest scores when evaluating USAF pilot training applicants and rated incumbents.
METHODS

Participants
In total, 10,612 pilot candidates who went through medical flight screening over the past 10 years were included in the study. Participants, at the time of testing, had a mean age of 22 years (standard deviation (SD) = 2.7); 84% were Caucasian, 4% were Hispanic, 2% were African-American, 6% were "other," and 4% did not report their ethnicity. Ninety-one percent were male and 9% were female. All were either college graduates or enrolled in their fourth year of college at the time of testing. All participants were found to be physically and psychologically healthy and to have met the enhanced aeromedical standards required for attending pilot training and becoming a rated USAF pilot.
Instrument
The MAB-II is a broad-based test of cognitive functioning with well-documented internal consistency, test-retest reliability, and validity coefficients [1] . The content and structure of the test were fashioned after the WAIS-III [24] , which is a widely used (and most preferred), individually administered test of cognitive functioning and intelligence among neuropsychologists [17] . The MAB-II has 10 subtests that are each 7 minutes long, and all items have five multiple-choice responses. The MAB-II requires only 70 minutes to complete and can be administered in group settings. Administration of this test produces verbal intelligence quotient (VIQ), performance intelligence quotient (PIQ), and FSIQ scores, which are measures of cognitive functioning. The test is separated into verbal abilities (i.e., subtests of information, comprehension, arithmetic, similarities, and vocabulary) and performance abilities (i.e., digit symbol coding, picture completion, spatial analyses, picture arrangement, and object assembly). MAB-II normative subtest scores for the general population have a mean of 50 and an SD of 10. The VIQ, PIQ, and FSIQ scores in the general population have a mean of 100 and an SD of 15. The mean USAF pilot training applicant MAB-II VIQ, PIQ, and FSIQ scores range between 119 and 121, with SDs between 6 and 8, respectively [22, 23, 25] . The MAB-II manual has welldocumented internal consistency, test-retest reliability, and validity coefficients. For a description of the subtest (abbreviations) and factors measured, see Table 1 for more information.
Procedure
The sample of USAF pilot training candidates in this study was administered the MAB-II as a routine part of medical flight screening prior to attending pilot training. The test was administered in an access-controlled classroom under a standardized protocol based upon manual instructions. Training candidates were briefed on the purpose and potential uses of their test scores for aeromedical waiver requirements. Environmental aspects of the classroom (i.e., temperature, noise, interruptions) were monitored and controlled to provide an optimal testing environment. The test data were scored and downloaded into a secure server maintained by information technology staff. The data were loaded into individual electronic files for each training candidate and checked for errors, omissions, and other problematic issues as part of data quality control procedures. The data were examined for missing, out of range, or inappropriate values. Participants with erroneous data were removed. Twelve subjects were removed for this reason. Principal components analyses and confirmatory factor analyses were conducted using AMOS 17.0 [26, 27] . Estimation was accomplished using covariance matrices and maximum likelihood methods.
Two-, three-, four-, and five-factor structures of the MAB-II were calculated for the pilot applicant population. Goodness-of-fit indices for the models were defined as having a goodnessof-fit > 0.90, comparative fit index > 0.90, and root mean square error of approximation < 0.08 inclusive [28] . Those models that did not meet these criteria were dismissed. Remaining models with sufficient goodness-of-fit were compared to each other. To test for significant difference between two models, χ 2 was estimated for each. The difference between the χ 2 values and the difference in the degrees of freedom for the two models was evaluated at p < 0.05 [27] . A significant χ 2 would indicate a difference in the two models and require the more complex model be used. A nonsignificant χ 2 would allow the less complex model to be used. The correlations of all the factors were then estimated.
RESULTS
The model fit suggested by the publisher of the MAB-II [1] consists of two correlated factors interpreted as verbal (VIQ) and performance (PIQ). The verbal consists of the following subtests: information (inf), comprehension (com), arithmetic (ari), similarities (sim), and vocabulary (voc). Performance consists of digit symbol (ds), picture completion (pc), spatial analyses (sp), picture arrangement (pa), and object assembly (op). Principal components analysis constrained to a two-factor model for the pilot population revealed the same indices (Table 2) . Goodness-of-fit criteria were met, and confirmatory factor analysis of this model is shown in Figure 1 . Similarly, a three-factor model also met goodness-of-fit criteria. The third factor in this model, visual reasoning and working memory IQ (VRMIQ), consists of arithmetic from the VIQ and digit symbol and spatial analyses from the PIQ in the two-factor model as shown in Table 1 . Confirmatory factor analysis of this model is shown in Figure 2 . Four-and five-factor models did not meet the goodness-of-fit criteria and were discounted. Goodness-of-fit statistics for the two-and three-factor models are shown in Table 3 . To determine whether the three-factor model was superior to the two-factor model, χ 2 analyses were conducted. The χ 2 for the two-factor model was 459.826 with 26 degrees of freedom, and χ 2 for the three-factor model was 364.108 with 23 degrees of freedom. The difference of 95.718 with 3 degrees of freedom was tested at p < 0.05 and found to be statistically significant (p < 0.0001). Therefore, the more complex model with the superior fit-the three-factor model-is preferable.
Standards suggested by Cohen [29] divide correlations into three groups based on Cohen's d, a measure of effect size. Correlations categorized as small (r = 0.10 to 0.23) have effect sizes of 0.20 to 0.49, moderate correlations (r = 0.24 to 0.36) have effect sizes of 0.50 to 0.79, and large correlations (r >= 0.37) have effect sizes of 0.80 or greater. Large correlations were found between the subtests and the indices to which they belong for both models evaluated. Large correlations were also found between the indices themselves with the exception of the moderate correlation between the VIQ and VRMIQ in the three-factor model. This suggests a commonality of measured constructs. 
DISCUSSION
The results of factor analyses reveal a three-factor hierarchical model is a more effective and suitable model for organizing subtests accounting for the variance of global intelligence index test scores from USAF pilot training candidates. Instead of the two-factor model consisting of a VIQ and PIQ (as applied to the general population and earlier versions of the WAIS), test scores from the USAF pilot training candidates appear more suited for a three-factor model that adds a VRMIQ index.
The VRMIQ consists of the subtests of arithmetic, digit symbol, and spatial analyses subtests, indicating that each subtest shares the components of reasoning and memory. The arithmetic subtest is defined as general numerical reasoning and problem solving. Although this subtest is correlated with VIQ based upon general population normative data, it is included as a component of the VIQ factor.
When evaluating arithmetic subtest scores for USAF pilots, this ability appears to be more associated with working memory and reasoning processes measured by the digit symbol and spatial analyses subtest scores than the subtests within the VIQ. Similarly, USAF pilot applicant test scores on digit symbol (measuring visual learning and coding and speed of information processing) and spatial analyses (measuring the ability for visual reasoning via mental rotation of abstract two-dimensional images of objects) appear to be more suited under a factor separate from the general performance-based IQ index.
The MAB-II is a critical component to medical flight screening of USAF pilot candidates as well as aeromedical evaluation processes for USAF rated pilots. The results of this study serve to improve the clinical acumen of neuropsychologists' understanding of the relationship between MAB-II subtest scores and indices for this unique group. In particular, the results of this study provide a level of scrutiny that allow a neuropsychologist to effectively understand pattern analyses of subtest scores by determining which aptitudes share a significant level of interrelatedness. For example, the findings from the three-factor analytic study indicate the abilities of numerical and spatial reasoning and working memory represent a singular, complex factor independent of traditional VIQ and PIQ factors. Thus, pilot training candidates or rated pilot incumbents who have deficits in numerical reasoning and working memory may be at increased likelihood to experience difficulties with spatial reasoning related to the mental rotation of two-dimensional images of objects to different positions. These correlations are meaningful for clinical interpretation of test scores and reflect the relationship between cognitive abilities logically relevant to flying.
The changes in the factor analytic organization of subtests for the WAIS-IV raise questions as to whether or not research would also change the factor analytic structure of subtest scores for the MAB-II. The WAIS-IV organizes arithmetic, spatial analyses, and digit symbol subtests into the indices of working memory, perceptual reasoning, and processing speed, respectively. The results of this study suggest the three-factor analytic model of the MAB-II is a suitable method for organizing the subtests of arithmetic, digit symbol, and spatial analyses subtests. The results appear more similar with the way the WAIS-IV organizes such subtests. Because all subtests on the MAB-II are timed, processing speed is an overarching aptitude measured throughout the entirety of the testing and a component built in to current indices.
Baseline intelligence testing with the MAB-II is used, under various circumstances, to identify pilot training candidates who may be at high risk of performance difficulties. The findings from the three-factor model (adding a visual reasoning and working memory index) reveal additional insight into the cognitive abilities and profiles of USAF pilot training candidates. Furthermore, the results of the study provide guidance into the direction of future studies targeting cognitive functioning and pilot performance outcomes.
However, when evaluating the outcomes and making comparisons between the MAB-II and WAIS-IV regarding individual and/or group scores, there are several differences to consider. Although an exhaustive list of such differences is beyond the scope of this study, significant considerations include the following: timed on the WAIS -IV (g) All or nothing credit for responses on the MAB-II versus items on the WAIS-IV that allow for partial credit Such differences should be taken into account when making any sort of comparisons and attempts to generalize scores between tests.
CONCLUSIONS
There are significant differences between the general population and rated USAF pilot intelligence test scores. The MAB-II is regularly used as a part of the evaluation process for selecting applicants for pilot training and for considering a pilot's readiness for returning to flying duties after being disqualified following a neurological or psychological insult. This study demonstrates that a three-factor model for the MAB-II is better suited for the USAF pilot population than the two-factor model based upon the general population. The relationship of these test scores must be well understood for effective neuropsychological and clinical psychological specialty evaluations of USAF pilots. 
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